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Preface 


This  manual  presents  a  detailed  design  example  emphasizing  major  capabilities  of  the  Computer  Aided 
Structural  Modeling  (CASM)  computer  program  which  is  a  program  designed  to  aid  the  structural  engineer 
in  the  preliminary  design  and  evaluation  of  stmctural  building  systems  by  the  use  of  three-dimensional 
interactive  graphics. 

Funds  for  the  development  of  this  program  were  provided  to  the  Information  Technology  Laboratory  (ITL), 
US  Anny  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  MS,  by  the  Directorate  of  Military 
Programs,  Headquarters,  US  Army  Corps  of  Engineers  (HQUSACE),  under  the  Research,  Development, 
Test,  and  Evaluation  (RDT&E)  program.  The  work  was  accomplished  under  Work  Unit  No.  AT40-CA-001 
entitled  ‘t^ASE  (Computer  Aided  Structural  Engineering)  Building  Systems.”  The  work  was  performed  by 
members  of  Wickersheimer  Engineers,  Inc.,  of  Champaign,  IL,  under  Contract  No.  DACA39-86-C-0024. 

Funds  for  publication  of  this  report  were  provided  to  ITL  under  the  RDT&E  Program  and  CASE  Project. 

Specifications  for  the  program  were  provided  by  members  of  the  Building  Systems  Task  Group  of  the  CASE 
Project.  The  following  were  members  of  the  task  group  during  this  phase  of  program  development: 

Mr.  Dan  Reynolds,  US  Army  Engineer  (USAE)  District,  Sacramento  (Chairman) 

Ms.  Anjana  Chudgar,  USAE  Division,  Ohio  River 
Mr.  Pete  Rossbach,  USAE  District,  Baltimore 
Mr.  Gary  Close,  USAE  District,  Savannah 
Mr.  Dave  Smith,  USAE  District,  Omaha 
Mr.  Mark  Burkholder,  USAE  District,  Tulsa 
Mr.  Jerry  Maurseth,  USAE  District,  Portland 
Mr.  Young  Hsu,  USAE  District,  Memphis 
Mr.  Michael  Pace,  WES 

The  computer  program  was  written  by  Messrs.  David  Wickersheimer,  Gene  McDermott,  and  Carl  Roth  of 
Wickersheimer  Engineers,  Inc. 

This  report  was  written  by  Messrs.  Wickersheimer,  McDermott,  and  Roth  and  Mr.  Michael  E.  Pace, 
Computer-Aided  Engineering  Division  (CAED),  ITL,  WES. 

The  work  was  monitored  at  WES  by  Mr.  Pace,  under  the  general  supervision  of  Mr.  H.  Wayne  Jones, 
Chief,  Scientific  and  Engineering  Applications  Center;  and  Dr.  N.  Radhakrishnan,  Director,  ITL.  Mr.  Charlie 
Gutberlet  is  the  HQUSACE  Technical  Monitor. 

During  publication  of  this  report.  Dr.  Robert  W.  Whalin  was  Director  of  WES.  COL  Leonard  G.  Hassell, 
EN,  was  Commander  and  Deputy  Director. 


This  1  and  2  story  project  is  to  provide  approximately 
9,500  gross  square  feet  of  offioe  space  for  one  of  two 
possible  sites: 

(a)  Charleston,  South  Carolina 

(b)  Radford  AAP,  Virginia 

Sdl  concfitions  are  unknown  at  both  sites. 


The  following  project  criteria  has  been  established: 

1 .  The  36'  X  72*  space  on  the  first  level  shall  be  column  free  for  open  office  planning. 

2.  The  48*  X  72*  first  and  seooTKf  floor  areas  shali  provide  24’ square  bays. 

3.  The  first  floor  shall  be  a  slab  on  grade  with  the  tops  of  perimeter  continuous  wall  footings  set  at  2’-6* 
below  grade.  Column  footings  will  be  isolated  spread  footings. 

4.  The  second  floor  occupancy  live  loads  located  on  the  plan  are: 

Offices:  SOpsf 

File  Storage:  150  psf 

Corridor,  Stair  &  Lobby:  100  psf 

5.  Structural  framing  schemes  to  be  designed  and  compared  shall  be  as  follows: 

Scheme  A:  All  steel,  norr-composHe, 

lateral  load  resistance  -  rigid  frames. 

Scheme  B:  All  steel,  composite, 

lateral  load  resistance  -  X  braced  frames. 

Scheme  C:  Morrolithic  concrete  for  two  story  portion,  steel  for  lower  roof  portion, 

lateral  load  resistarK«  -  shear  walls. 


Project  Description 


Project  OescriDtlon 


Project  Description 


Project  Description 


6.  The  typical  exterior  envelope  consists  of  5"  limestone  panels,  1  *  rigid  insulation,  3-5/8”  metal  studs,  and 
5/8'dtywail. 

7.  Window  and  door  openings  are  uniformly  distributed  to  all  elevations. 

8.  Load  Assumptions: 

lmportarx» 

Category 
Snow:  I 

Wind:  I 

Seismic:  IV 

9.  Material  Assumptions: 

Concrete:  4,000  psi,  NLWT 

Steel  Reinforcing:  Grade  60 
Steel:  A36 

1 0.  Fire  resistance  rating  shall  be  achieved  by  a  wet  sprinkler  system. 


Exposure 

Category 

C 
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Um  Criteria 
Menu 


Criteria 


RojecI 


Project  Name; 
O^/lnstallation: 

Project  Data 

Office  Building  -  Scheme  C 
Radford  AAP 

Country; 

USA 

State: 

VA 

County; 

Pulaski 

Design  Load; 

TM  5-809-1  1991 

Building  Code; 

BOCA 

Seismic  Code. 

TM  5-809-1 01 991 

Elevation  Above  Sea  Level:  3300  ft  1 

No.  Of  Stories: 

2 

Roor  Area: 

9504  sq  ft 

Occupancy: 

Use  Group  B 

Type  Const; 

3A 

Seismic  Lateral  Load  Resistance  1 

N-S  System; 

Blank 

E-W  System; 

Blank 

Cit/^nstailation 


Select  Radford  AAP 
From  List 


Regional 


Review  Regional  Data 

Wind 

Basic  Wind  Speed  . 

70.0  mph 

Coastal: 

No 

Maximum  Wind  Speed: 

58.0  mph 

Wind  Direction; 

SE 

Snow 

Ground  Snow  Load; 

25.0  psf 

Maximum  Snow  Depth; 

15.0  in 

Snow  Density: 

17.3  pcf 

Rain 

Average  Annual  Rainfall: 

44.0  in 

Maximum  Rainfall; 

4.0  in 

Temperature 

MaMmum  temperature; 

92  ’F 

Minimum  Temperature: 

-24  *F 

Seismic  Zone:  2A: 

0150 

Frost  Depth: 

22  in 
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Criteria 


Basic  Oasign  Critaria 


Projact  Data 

Projact  NaoM 
City/ Installation 
Count ry 
Stata 
County 
Dasign  Load 
Building  Coda 
Saismic  Coda 

Elavation  abova  saa  laval 
Ho.  of  Storias 
Floor  Araa 
Occupancy 

Typa  of  Construction 


Offica  Building  •  Schafta  C 
Radford  AAP 
USA 
VA 

Pulaski 

TM  5-a09-l  1991 
BOCA 

TM  5-609-10  1991 
3300  ft. 

2 

9504  sgft. 

Usa  Group  B 
3A 


Saisnic  Lataral  Load  Rasistanca 


N-S  Systan 

N-S  Rw  :  0 


B-lf  Systam 

B-N  Rw  0 


Ragional  Data 
Wind 

Basic  Hind  Spaad 
Coastal 

Maximua  Hind  Spaad 

Hind  Diraction 
Snow 

Ground  Snow  Load 
MaxiauB  Snow  Dapth 
Snow  Dansity 
Rain 

Awaraga  Annual  Rainfall 
MaxiauB  Rainfall 
Taaparatura 

MaxiBUB  Taaparatura 
HininuB  Taaparatura 
Saisaic  Zona  :  2A 
Frost  Dapth 


70.0  mph 
No 

56.0  aph 
SB 

25.0  psf 
15.0  in, 
17.3  pcf 

44.0  in. 
4.0  in, 

92.0  dag  F 
-24.0  dag  F 
0.150 

22  in. 


Sita  Spacific  Data 
Hind 


Exposure 

:  C 

Importance 

1 

:  1.00 

Snow 

Expo.ur. 

C 

o 

o 

Import.nc.  : 

I 

:  1.00 

Roof  SBOOth 

:  No 

Thermal  Factor 

:  1,0 

SaiSBLic 

laportance 

IV 

:  1.00 

Soil  Factor  : 

S3 

:  1.5 

Hotas 

Iraportanca  Factor  for  Snow  and  Hind: 

I  All  buildings  and  structures  axcapt  thosa  listed  below. 

II  Buildings  and  structures  where  priaary  occupancy  is  one  in  which 
more  than  300  people  congregate  in  one  area. 

III  Buildings  and  structures  designated  as  essential  facilities, 
including,  but  not  limited  to: 

Hospital  and  other  medical  facilities  having  surgery  or  amargancy 
treatment  areas. 

Fire  or  rescue  and  police  stations. 

Primary  communication  facilities  and  disaster  operation  centers. 
Power  stations  and  other  utilities  required  in  an  emergency. 
Structures  having  critical  national  defense  capabilities. 
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Criteria 


IV  Buildings  and  structures  that  represent  a  low  hazard  to  human  life 
in  the  event  of  failure,  such  aa  agricultural  buildings,  certain 
temporary  facilities,  and  minor  storage  facilities. 

Hind  Exposure  Category: 

Exposure  C: 

Open  terrain  with  scattered  obstructions  having  heights 
generally  less  than  30  ft. 

Snow  Exposure  Category: 

Exposure  C: 

Locations  in  which  snow  removal  by  wind  cannot  be  relied  on  to  reduce 
roof  loads  because  of  terrain,  higher  structures,  or  several  trees 
nearby. 

*  The  conditions  discussed  should  be  representative  of  those  that  are 
likely  to  exist  during  the  life  of  the  structure.  Roofs  that  contain 
several  large  pieces  of  mechanical  equlEMaent  or  other  obstructions  do 
not  qualify  for  siting  category  A. 

Snow  Thermal  Factor: 

Heated  Structure. 

*  These  conditions  should  be  representative  of  those  that  are  likely 
to  exist  during  the  life  of  the  structure. 

Importance  Factor  for  SeLsmic: 

I.  Essential  Facilities 

Hospitals  and  other  medical  facilities  having  surgury  and  emergency 
treatment  areas. 

Fire  and  police  stations. 

Tanks  or  other  structures  containing,  housing  or  supporting  water 
or  other  fire-suppression  materials  or  equipment  required  for  the 
protection  of  essential  or  hazardous  facilities,  or  special 
occupancy  structures. 

Emergency  vehicle  shelters  and  garages. 

Structures  and  equipment  in  emergency  preparedness  centers. 

Stand-by  power  generating  equipment  for  essential  facilities. 
Structures  and  equipment  in  communication  centers  and  other 
facilities  required  for  eoMrgency  response. 

II.  Hazardous  Facilities 

Structures  housing,  supporting  or  containing  sufficient  quantities 
of  toxic  or  explosive  substances  to  be  dangerous  to  the  safety  of 
the  general  public  if  released. 

III.  Special  Occupancy  Structure 

Covered  structures  whose  primary  occupancy  is  public  assembly  - 
capacity  more  than  300  persons. 

Buildings  for  schools  (through  secondary)  or  day-care  centers  - 
capacity  more  than  250  students. 

Buildings  for  colleges  or  adult  education  schools  -  capacity  more 
than  500  students. 

Medical  facilities  with  50  or  more  resident  incapacitated  patients, 
but  not  included  above. 

Jails  and  detention  facilities. 

All  structures  with  occupancy  more  than  5000  persons. 

Structures  and  equipment  in  power  generating  stations  and  other 
public  utility  facilities  not  included  above,  and  required  for 

IV.  Standard  Occupancy  Structure 

All  Structures  having  occupancies  or  functions  not  listed  above. 
Seismic  Soil  Factor: 

53:  A  soil  profile  70  feet  or  more  in  depth  and  containing  more  than 
20  feet  of  soft  to  medium  stiff  clay  but  not  more  than  40  feet  of 
soft  clay. 

The  site  factor  shall  be  established  from  properly  substantiated 
geotechnical  data.  In  locations  where  the  soil  properties  are  not 
known  in  sufficient  detail  to  determine  the  soil  profile  type,  soil 
profile  S3  shall  be  used.  Soil  profile  S4  need  not  be  assumed  unless 
the  Building  Official  determines  that  soil  profile  S4  may  be  present 
at  the  site,  or  in  the  event  that  soil  profile  54  is  established  by 
geotechnical  data . 


Fields 


Modify  Reids 

USA  SC 

Charleston 
TM5-«09-1  1991 
40 

52.0  10  0 

5 

7.0 

100 

71  NNE  Y 

102.0  8.0 

0  3 


Country  State 

County 

Design  Load 

Elevation  (ft) 

Ave.  Rain  (in)  Max.  Rain  (in) 

Ground  Snow  Load  (psf) 

Max.  Snow  Depth  (in) 

Basic  Wind  Speed  (mph) 

Max.  Wind  Speed  (mph)  Wind  Direction  Coastal  (Y/N) 
Max.  Temp.  (T)  Min  Temp.  (‘F) 

Frost  Depth  (in)  Seismic  Zone 
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A.  Simplify  the  geometric  model 


For  buHdings  with  repetitive  wings,  only  one  wing  needs  to  be  modeled. 

Insignificant  portions  such  as  chimneys,  dormers,  and  small  projections,  should  not  be  modeled. 


Extra  wings  are  not  necessary  Simplified  model 


B.  Make  sure  planes  are  in  contact 

A  gap  between  adloining  shapes  will  make  the  surfaces  exterior. 

Use  the  Stack  optioirs  to  accurately  place  ac^oining  shapes. 

C.  Do  not  intersect  shapes 

When  modeling  parapet  wails,  make  sure  the  comers  do  not  intersect. 


incorrect  Correct 


D.  Verify  the  model 


Use  the  Tape  Measure  command,  zoom  in  on  a  plan,  elevation  and  3-D  views  to  verify  the  model. 
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Draw  Model 


Use  Loads  And 
Design  Tool  Palette 


Calculate  Snow 
Loads 


Review  Criteria 


View  Output 


Calculate 


View  Section 


Print  Screen 
^  Printer 


‘mlMiindlri) 

Sno* 

>n  ((«1 

'wi  Caitie  IpiO 


M  00 


Sojyjyj?' 


Print  Data 

El  Sncow 
□  All  Other 
0  Print  To  File 
0  Execute  Notepad 


Scroll  Output 


Page  Setup 

Left  Margin:  0  5  in 
Right  Margin:  0.0  in 


Print  File 


Exit  Notepad 


View  Perspective  (3D)  Solid  Object 


Show  Loads 
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Snow  Unbolonced  (psf) 
Snow  Balanced  (psf) 

Snow  Drift  (psf) 

Snow  Sliding  (psf) 

Snow  Combined  (psf) 


Snow  Unbalanced  (psf) 
Snow  Bolonced  (psf) 

Snow  Drift  (psf) 

Snow  Sliding  (psf) 


Snow  Combined  (psf) 


Snow  Loads 


Proj«ct  :  office  Building  *  Sch«m«  C 

Location  :  Radford  AAP 

Daaign  Load  :  TM  5-809-1  1991 
Tima  :  Sat  Jan  25,  1992  5:40  PM 

*******************  flat/Laan-To  Roof  Snow  Load  Daaign  ******* 

Flat  Roof  Snow  Load  (Pf) 

Pf  -  0.7*Ca*Ct*I*Pg 
Snow  Expoaura  Catagory:  C 
Ca  -  1.0 

Haatad  Structura. 

Ct  -  1.0 

Importanca  Catagory:  I 

I  -  1.0 

Pg  «  25.0  paf 

Pf  -  17.50  paf 

Roof  Slopa:  0.00  in  12 

Thata  ■  0  dag 

Chack  minimum  Pf  whara  thata  <•  IS  dag 
Mhan  Pg  >  20.0  paf,  min  Pf  »  20*1 
Min  Pf  ■  20.00  paf 

Sinca  thata  <  1/2  in/ft,  5  paf  rain-on-anow  aurcharga  appliea. 

4- - - - - - -  - - — - + 

I  Pf  -  25.00  paf  I 


Slopad  Roof  Snow  Load  (Pa) 
Pa  -  Cs*Pf 
Roof  Slippary:  No 
Ca  «  1.00 


I  Pa  «  25.00  paf  I 


*************************  Drift  Snow  Load  Daaign  ************************** 

Pg  •  25.0  paf 

Snow  Danaity  17.25  pcf 

Pa  «  20.00  paf  (rain-on-anow  aurcharga  not  includad) 
hb  »  Ps/danaity 
hb  -  1.16  ft 

Projection  Haight  ■  4,00  ft 
he  »  haight-hb 
he  -  2.84  ft 

he/hb  a  2.45  >>  0.20  Tharafora  conaidar  drift  load. 

Importanca  Catagory:  I 
I  -  1.0 

Snow  Expoaura  Catagory:  C 
Ca  -  1.0 

Separation  -  0.00  ft 
lu  -  35.17  ft 

hd  -  0.43*lu^l/3*(Pg+10)''l/4-1.5 
hd  -  1.93  ft 

Width  of  drift;  W  -  minimum  of  4*hd  or  4*hc  >■  10  ft 
w  »  4*hd  -  7.71  ft 
w  -  4*hc  -  11.36  ft 

+ — - + 

I  H  »  10.00  ft  t 

+  - - - - - 

hd  -  hd*(20-s)/20  -  1.93  ft 

hd  <*  he 

Pd  “  hd*danaity 

+ - + 

I  Pd  -  33.23  paf  I 
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Snow  Loads 


Drift  Snow  Load  Daalgn 


Pg  -  25.0  paf 

SnoM  Danalty  ~  17.25  pcf 

Pa  20.00  paf  (raln-on-anow  surcharge  not  Included) 
hb  -  Pa/density 
hb  -  1.16  ft 


Projection  Height  «  4.00  ft 
he  -  height -hb 
he  -  2.84  ft 

hc/hb  -  2.45  >-  0.20  Therefore  consider  drift  load. 
Inportance  Category:  I 
I  -  1.0 


Snow  Exposure  Category:  C 
Ce  -  1.0 

Separation  •  0.00  ft 
lu  -  72.00  ft 

hd  -  0.43*lu*l/3*  (Pg+10)''l/4-1.5 
hd  -  2.85  ft 

Width  of  drift:  M  mlnlaum  of  4*hd  or  4*hc  >-  10  ft 
w  -  4»hd  -  11.40  ft 
w  -  4*hc  -  11.36  ft 


+ — - — — - _  + 

I  H  -  11.36  ft  I 

+ - + 


hd  -  hd*(20-a)/20  -  2.85  ft 

hd  >  he,  therefore  hd  -  he  -  2.84  ft 

Pd  -  hd*denalty 


I  Pd  -  49.00  paf  I 


«**••**•**«••**•*******••  Drift  Snow  Load  Design  *♦***««*••*•♦•*••»♦*♦*•*** 

Pg  -  25.0  psf 

Snow  Density  <•  17.25  pcf 

PS  •  20.00  psf  (raln-on-snow  surcharge  not  Included) 
hb  e  Ps/denalty 
hb  -  1.16  ft 

Projection  Height  -  14.00  ft 
he  ”  helght-hb 
he  -  12.84  ft 

hc/hb  -  11.08  >-  0.20  Therefore  consider  drift  load. 

Importance  Category:  I 
I  -1.0 

Snow  Exposure  Category:  C 
Ce  -  1.0 

Separation  -  0.00  ft 
lu  -  49.67  ft 

hd  -  0.43*lu*l/3* (Pg+10)"l/4-1.5 
hd  -  2.34  ft 

Width  of  drift:  w  —  minimum  of  4*hd  or  4*hc  >—  10  ft 
w  -  4»hd  -  9.38  ft 
w  -  4»ho  -  51.36  ft 


I  W  -  10.00  ft  ( 


hd  -  hd*(20-s)/20  -  2.34  ft 

hd  <-  he 

Pd  -  hd'density 


I  Pd  -  40.44  psf  I 

+ - - - + 
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DstaultK  Haight  Ratio:  0.76 
Plan  Ratio:  0.75 
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Main  Wind  Force  Resistino  Loads 


Vi*w  Output 


Show  Loads 

GCpi  =  0 
GCpi  Positive 
GCpi  Negative 
B  &  L  Assumptions 


0.6 


Main  Wind  Force  Resisting  Loads 


6.6 


Man  Wind  Force  Resisting  Loads 


Project  t  Office  Building  ~  Schom«  C 

Location  :  Radford  AAP 

Daaign  Load  i  TM  5-809-1  1991 
Tima  :  Sat  Jan  25,  1992  5:46  PM 

****************************** 

Velocity  Importance  Exposure  Width 

Factor  Perpend. 

to  Wind 

(mph)  (ft) 


70.0  1.00  C  36.0  73.7 

Distance  to  ocean  line  >“  100  mi.  h/d  ■  0.39  <«  5 


***************ii*«*******  Framing  Pressures  ************************** 

Parallel  to  Ridge  or  Length 


Location 

z  or  h 

(ft) 

Gh 

Kz 

q» 

(paf ) 

Cp 

External 

GCpi-0 

Pressure 

-0.25 

P  (psf) 
0.25 

Windward  Wall 

parapet 

22.0 

1.32 

0.89 

11.2 

0.80 

11.8 

1.V.1  3 

18.0 

1.32 

0.84 

10.5 

0.80 

11.1 

13.6 

8.6 

level  2-3 

16.0 

1.32 

0.82 

10.3 

0.80 

10.9 

13.4 

8.4 

l.v.l  1-2 

7.0 

1.32 

0.80 

10.0 

0.80 

10.6 

13.1 

8.1 

level  1 

0.0 

1.32 

0.80 

10.0 

0.80 

10.6 

13.1 

8.1 

Leeward  Wall 

14.0 

1.32 

0.80 

10.0 

-0.30 

-4.0 

-1.5 

-6.5 

Sld.  Hall 

14.0 

1.32 

0.80 

10.0 

o 

o 

-9.2 

-6.7 

-11.7 

Roof 

14.0 

1.32 

0.80 

10.0 

-0.70 

-9.2 

-6.7 

-11.7 

Int.rnal 

14.0 

0.80 

10.0 

0.0 

-2.5 

2.5 

-  1 


Length 
Parallel 
to  Wind 
(ft) 


Roof  Type 


Valoclty 

Importance  Exposure 

Width 

Length 

Roof  Type 

Factor 

Perpend. 

Parallel 

to  Wind 

to  Wind 

(mph) 

(ft) 

(ft) 

70.0 

1,00  C 

73.7 

49.7 

Distance  to  ocean  line  >•  100  mi.  h/d  -  0.56  <-  5 

*************************  Main  Framing  Pressures  •*****'******************** 
Parallel  to  Ridge  or  Length 


Location 

z  or  h 

Gh 

Kz 

q* 

Cp 

External 

Pressure 

P  (paf) 

(ft) 

(p»f ) 

GCpl-O 

-0.25 

0.25 

Windward  Wall 

level  3 

28.0 

1,26 

0.96 

12.0 

0.80 

12.1 

15.1 

9.1 

level  2-3 

21.0 

1.26 

0.88 

11.0 

0.80 

11.1 

14.1 

8.1 

level  1-2 

7.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

level  1 

0.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

Leeward  Wall 

28.0 

1.26 

0.96 

12.0 

-0.50 

-7.6 

-4.6 

-10.6 

Side  Wall 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Roof 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Internal 

28.0 

0.96 

12.0 

0.0 

-3,0 

3 . 0 
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Main  Wind  Force  Resisting  Loads 


Velocity  Importanc*  Expo«ur«  Width  Length 

Factor  Perpend.  Parallel 

to  Wind  to  wind 

(mph)  (ft)  (ft) 

70.0  1.00  C  49.7  73.7 

Distance  to  ocean  line  >*  100  mi.  h/d  *  0.56  <»  5 
*************************  Main  Framing  Pressures  *********** 
Parallel  to  Ridge  or  Length 


Roof  Type 


Location 


z  or  h  Gh  Kz  qz  Cp  External  Pressure  P  (psf) 
(ft)  (paf)  GCpl-O  -0.25  0.25 


Windward  Wall 


level  3 

28.0 

1.26 

0.96 

12.0 

0.80 

12.1 

15.1 

9.1 

level  2  - 

3 

21.0 

1.26 

0.88 

11.0 

0.80 

11.1 

14.1 

8.1 

level  1  - 

2 

7.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

level  1 

0.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

Leeward  Wall 

20.0 

1.26 

0.96 

12.0 

-0.40 

-6.0 

-3.0 

-9.0 

Side  Wall 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Roof 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Internal 

28.0 

0.96 

12.0 

0.0 

-3.0 

3.0 

Velocity 

Importance 

Ezpoaure  Width 

Length 

Factor 

Perpend. 

Parallel 

to  Wind 

to  Wind 

(nph) 

(ft) 

(ft) 

Roof  Type 


70.0  1.00  C  73.7  36.0 


Distance  to  ocean  line  >■  100  mi.  h/d  •  0.39  <>  5 


Main  Framing  Pressures  ************************** 


Parallel  to  Ridge  or  Length 


Location 

z  or  h 

(ft) 

Gh 

Kz 

q* 

(paf ) 

Cp 

External 

GCpi-O 

Pressure 

-0.25 

P  (psf) 
0.25 

Windward  Hall 

parapet 

level  3 

22.0 

18.0 

1.32 

1.32 

0.09 

0.64 

11.2 

10.5 

0.00 

0.00 

11.8 

11.1 

13.6 

8.6 

level  2-3 

16.0 

1.32 

0.02 

10.3 

0.80 

10.9 

13.4 

8.4 

level  1-2 

7,0 

1.32 

0.80 

10.0 

0.80 

10.6 

13.1 

8.1 

level  1 

0.0 

1.32 

0.80 

10.0 

0.80 

10.6 

13.1 

8.1 

Leeward  Wall 

14.0 

1.32 

0.80 

10.0 

-0.50 

-6.6 

-4.1 

-9.1 

Side  Wall 

14.0 

1.32 

0.80 

10.0 

-0.70 

-9.2 

-6.7 

-11.7 

Roof 

14.0 

1.32 

0.80 

10.0 

-0.70 

-9.2 

-6.7 

-11.7 

Internal 

14.0 

0.80 

10.0 

0.0 

-2.5 

2.5 
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Main  Wind  Force  Resisting  Loads 


Velocity 

(mph) 

Importance 

Factor 

Exposure 

Width 

Perpend, 
to  Wind 

(ft) 

Length 

Parallel 

to  Hind 

(ft) 

Roof  Type 

70.0 

1.00 

C 

73.7 

49.7 

Distance  to  ocean  line  >*  100  mi.  h/d  =  0.56  <«  5 


*************************  Main  Framing  Pressures 


Parallel  to  Ridge  or  Length 


Location 

z  or  h 

(ft) 

Gh 

KZ 

V 

(psf ) 

Cp 

External 

GCpi-0 

Pressure 

-0.25 

P  (psf) 
0.25 

Windward  Wall 

level  2 

28.0 

1.26 

0.96 

12.0 

0.80 

12.1 

15.1 

9. 1 

level  1-2 

14.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

level  1 

0.0 

1.26 

0.80 

10.0 

0.80 

10.1 

13.1 

7.1 

Leeward  Wall 

28.0 

1.26 

0 . 96 

12.0 

-0.50 

-7.6 

-4.6 

-10.6 

side  Hall 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Roof 

28.0 

1.26 

0.96 

12.0 

-0.70 

-10.6 

-7.6 

-13.6 

Internal 

28.0 

0.96 

12.0 

0.0 

-3.0 

3.0 

Notes  for  main  framing: 

Positive  pressures  act  toward  surfaces. 
Pressure  or  suction  »  P  *  qh*Gh*Cp-qh* (GCpi) 
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Use  Loads  And 
Design  Tool  Palette 


Wind  Components  &  Cladding  Loads 

) 


> 


_ y _ 

View  Output 


View  Section 


_ y _ 

Print  Screen 
Printer 


y 


y 
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Wind  Components  &  Cladding  Loads 


Wind  Components  &  ClacMino  Loads 


Wind  Load:  Componants  Ic  Claddinq  (psf) 


Wind  Load:  Componants  de  Cladding  (psf) 
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Wind  Components  &  Cladding  Loads 


Project  t  Office  Building  -  Scheme  C 

Location  :  Radford  AAP 

Design  Load  :  TM  5-809-1  1991 
TiiM  :  Sat  Jan  25,  1992  5:49  PM 

********************************  Wind  Lo3d  ******** 

Velocity  Importance  Exposure  Width  Length 

Factor  Perpend.  Parallel 

to  Wind  to  wind 

(mphy  {ft)  (ft) 

70.0  1.00  C  49.7  73.7 

Distance  to  ocean  line  >■  100  mi.  h/d  •*  0.5  6  <«  5 

Height  Kh  qh  GCpi 

(ft)  (psf) 


28.0  0.96  12.0  -0.25  0.25 

Height  <»  60  ft 

r*******  Component /Cladding  Pressures  (psf)  ******************** 

- - - Walla - 

Windward  Leeward 

Zone  4  Zone  5  Zone  4  Zone  5 

middles  corners  middles  corners 

GCp  P  GCp  P  GCp  P  GCp  P 


Int.rnal 

Llnaaton* 

Canal 

-3.0  -3.0 

4.67  ft  X  14.00  ft  ** 

3.0 

3.0 

65.3 

1.21 

17.5  1.21  17.5 

-1.31  -IB. 7 

-1.57  -21.8 

a  -  5.0  ft 


Tributary 
Area  (sf) 


Roof  Type 


Notes  for  components  and  cladding: 

P  -  qh (GCp) -qh (GCpi) 

Internal  pressures  have  been  included  in  above  values. 

*  For  roof  overhangs:  algebraically  add  this  pressure 
to  the  above  values.  P  *  qh(GCp)  «  0.8qh 
To  comply  with  TM  5-809-1,  wall  external  pressures 
have  not  been  reduced  10%  per  ASCE  figure  3,  note  3. 

**  For  a  rectangular  tributary  area,  the  width  of  the  area 


need  not  be  less  than  one-third  the  length  of  the  area. 
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Dead  &  Live  Loads 


Dead  Lx>ads 


Floor  Dead  Loads 


> 

< 

Roof  Dead  Loads 

Stop  Using 
Roor  (DL) 


Use  Roof  (DL) 


Roofing: 

Deck: 

Structure: 

Mechanical: 

Electrical; 

Fire  Protection: 
Insulation: 

Ceiling: _ 

Total: 


Single  Ply  1 .5 

MTL  DK  1  5/NLWT  2.5  36  0 

Steel  Bar  Jst  24'(§>4‘  1  8 

Mech  A/C  Ducts  3.0 

Elect/Lighting  1 .0 

Sprinklers  Wet  2  0 

Rigid  Roof  Ins  3*  2.4 


Roofing: 

Deck: 

Structure: 

Mechanical: 

Electrical: 

Fire  Protection: 
Insulation: 

Ceiling: _ 

Total: 


Upper  Roof 

_Iyp«_ _ 

Single  Ply 
Concrete  4" 
Concrete  Beams 
Mech  A/C  Ducts 
Elect/Lighting 
Sprinklers  Wet 
Rigid  Roof  Ins  3’ 
SuspChnI/Tile 


Next  To  View 
Loerer  Roof  Load 


Stop  Using 
Roof  (DL) 
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Dead  &  Live  Loads 


D«ad  Loads 


Walt  Dead  Loads 


Use  Wall  (DL) 


Limastona  5* 


Finish: 

Shaathing: 

Structura:  ConcratalO" 

125.0 

Insulation: 

Finish: 

Total 

125.0 

Dead  &  Live  Loads 


Load« 

Floor  Daad  Loada 


Nana  :  Sacond  Floor 


Typa 

psf 

Partition  : 

51-100  plf 

6.0 

Finish 

Carpat  &  Pad 

1.0 

Dack  : 

Concrata  NLNT  4" 

50.0 

Structura  : 

Concrata  Baaaa 

0.0 

Hachanical 

Mach  A/C  Ducts 

3.0 

Elactrical 

Elact/ Lighting 

1.0 

Fira  Protaction: 

Sprinklara  Nat 

2.0 

Calling  ; 

Susp  Chnl/Tlla 

2.0 

Total 

«5.0 

Roof  Daad  Loada 

Nama 

Lowar  Roof 

Typa 

psf 

Roofing  : 

Singla  Ply 

1.5 

Dack  ; 

MTL  DK  1.5/HLHT  2.5 

36.0 

Structura  s 

Staal  Bar  Jat  24' 44' 

1.8 

Hachanical  : 

Mach  A/C  Ducts 

3.0 

Elactrical  : 

Elaet/ Lighting 

1.0 

Plra  Protaction: 

Sprinklara  Nat 

2.0 

Inaulatlon  : 

Rigid  Roof  Ina  3* 

2.4 

Calling  ; 

0.0 

Total  : 

47.7 

Nana 

Uppar  Roof 

Typa 

psf 

Roofing  : 

Singla  Ply 

1.5 

Dack  : 

Concrata  NLNT  4* 

50.0 

structura  ; 

Concrata  Baans 

0,0 

Hachanical 

Mach  A/C  Ducts 

3.0 

Elactrical 

Blact /Lighting 

1.0 

Plra  Protaction: 

Sprinklara  Hat 

2.0 

Inaulatlon  : 

Rigid  Roof  Ins  3* 

2.4 

Calling  : 

Susp  Chnl/Tila 

2.0 

Total  : 

«1.9 

Nall  Daad  Loads 

Nama  :  Extarior  Nall 


Typa 

psf 

Finish 

:  Limastona  5" 

66.8 

Shaathing 

0.0 

Structura 

:  Stl  Stud  ISga  4’ai6 

1.1 

Insulat ion 

:  Exp  Polysty  Rigid  1’ 

0.2 

Finish 

:  Gypboard  5/8* 

3.1 

Total  :  -3.2 


Dead  &  Live  Loads 


Nama  :  Parapat 


Typ« 

psf 

Finish 

Limastona  5” 

68.8 

Shaathing 

0.0 

Structura 

0.0 

Insulation 

0.0 

Finish 

0.0 

Total 

68.8 

Nama 

Shaar  Wall 

Typ« 

psf 

Finish 

0.0 

Shaathing 

0.0 

Structura 

Concrata  10* 

125.0 

Insulation 

0.0 

Finish 

0.0 

Total  :  125.0 


Occupancy 

Liva  Loaas 

Nama 

psf 

Of flea: 

offices 

50 

office: 

Corridor  (mein) 

100 

Office: 

Files  «  Storage 

150a 

a«  Varlabla  daaign  load.  Xncraaaa  may  ba  nacassary. 

Notas 

Uniformly  diatributad  liva  loada  for  supporting  mambars;  i.a.,  two-way 
slab,  baam«  girdar  or  columna  having  an  influanca  araa  of  400  sq  ft  or 
mora  may  ba  raducad  with:  L  »  Lo* [0 .25+ (15/aqrt (Ai) ) ] 

Tha  raducad  daaign  liva  load  will  not  ba  laaa  than  50%  of  tha  unit 
liva  load  for  mambara  supporting  ona  floor,  nor  lass  than  40%  of  tha 
unit  liva  load  for  mambars  supporting  two  or  mora  floors. 

Excaptions:  For  liva  loads  lass  than  100  psf,  no  raduction  is  parmit- 
tad  for  mambars  supporting  floor(a)  in  tha  following  araas; 

-public  assambly 

-garagas  (axcapt  whara  2  or  mora  floors  ara  supportad] 

-ona-way  slab  floor 

For  liva  loads  graatar  than  100  psf  and  for  garagas  usad  for  passangar 
cars  only,  no  raduction  is  parmittad  for  mambars  supporting  ona  floor; 
howavar,  whara  two  or  mora  floors  ara  supportad,  a  20%  raduction  is 
parmittad. 


Use  Loads  &  Design 
Tool  Palette 


Select  Second  Floor/ 
Lower  Roof  Horizontal 
Structural  Plane 


Calculate  Minimum 
Roof  Live  Load 


Minimum  Roof  (LL) 
G  /^d  Opposite  Roof 


:  1 

Tributary  Area 

Horizontal 

Vertical 

1  Base  Point:  62*10" 

24'10" 

Point  2: 

66' 10" 

48'10“ 

Length: 

4*0" 

24*0" 

View  Output 


Cancel  Minimum 
Roof  (LL) 


View  Section 


Print  Screen 
Printer 


View  Calculations 


Print  Data 

Q  Min.  Roof  LL 
Q  All  Other 
^  Print  To  File 
^  Execute  Notepad 


Scroll  Output 


_ ^ _ 

Page  Setup 

Left  Margin:  0  5  in 
Right  Margin  0  0  in 
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Minimum  Roof  Live  Load 


Project  :  Office  Building  *  Scheme  C 

Location  :  Radford  AAP 

Deaign  Load  :  TM  5-809-1  1991 
Time  :  Sat  Jan  25,  1992  6:16  PM 

•**********************  Minimum  Roof  Live  Load  (Lr) 

Tributary  area  (At)  :  96  sf 
Roof  aXope  (F)  :  0.00  in  12 

Lr  -  20*R1*R2  >-  12 
At  <-  200  R1  -  1.00 

F  <«■  4  R2  *  1.00 

Lr  ~  20.00  paf 
minimum  Lr  *  12  paf 


I  Lr  -  20.00  paf  ) 


Check  minimum  roof  live  load,  Lr,  againat  minimum  anow  deaign  loada. 

Additionally,  for  the  deaign  of  aecondary  membera  auch  aa  roof 
decking  and  raftera,  a  concentrated  live  load  with  250  Iba  uniformly 
diatributed  over  an  area  of  2  feet  aquare  (4  aqft)  will  be  included. 
The  concentrated  load  will  be  located  ao  aa  to  produce  the  maximum 
atreaa  in  the  aMmber. 
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Insert  A  Single  Tab  Character 
Between  The  Text  And  The  Load 
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r 


Start 
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Draw  Grid  &  Openings 


structure  Hierarchy 


Draw  Structure  Philosophy 


Surface/Deck 

(horizontaO 


Linear 

(horizonli^) 


Surface 

(vwHoiO 

(planar) 


Linear 

(vartIcaQ 


jir  conoantratad  loada 
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Draw  Structure 


_ i _ 

Draw  Upper 
Roof  framing 


Draw  Surface 
In  BayA1-B2 


'  Select  Handle  On 
Grid  Line  A1-A2 


Select  Handle  On 
Grid  Line  B1-B2 


_ _ 

j  Double  Click  Right 
I  Mouse  Key  To  End 
Defining  Area 

i 

_ _ 

Save  Surface  Element 
Orientation:  E-W 


I  Copy  Beams  & 
j  One-Way  Surface 
To  Other  Bays 


; _ iL _ 

I  Select  One-Way 
I  Surface 


_ ± _ 

Double  Click  Right 
Mouse  Key  To  End 
Selecting  Structure 

"""““"I”™"'""™ 

_ Y. _ 

Select  Grid 
Location  A1  As 
The  Base  Point 


_ ¥ _ 

Petste  Structure 


_ Y _ 

Select  Grid  Locations 
B1  A2  B2.  A3.  B3 


V 

Double  Click  Right 
Mouse  Key  To  End 


I — H  Copy  Structure 


_ ± _ 

Select  Third 
Point  Beams 


y 


Draw  Structure 


i.  '  /  -;)0— 


Save  Column  Elements 

Orientation  N-S 
0  All  Floors 
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Draw  Structure 


i 


Draow  Second  Floor/ 
Lower  Hoof  Framing 


I 


Copy  Joists  & 
One-Way  Surface 
To  Other  Bays 


Paste  Structure 


Select  Grid 
Locations  C2.  C3 


.  »-g 


I  Double  Click  Right 
!  Mouse  Key  To  End 


C[> 

II 

T 

II 

Ci> 


n 


null  II 


Draw  T  russes 


Linear  Truss-Custom 


I 


Select  Grid  Location 
C2-D2 


Double  Click  Right 
Mouse  Key  To  End 
Defining  Area 


Save  Linear  Elements 
Orientation:  E-W 


{  Truss-Custom 

j  CD  Include  Opposite  Side  Of  Roof 
Depth  Of  Support:  3' 
j  Scissors  Height:  O' 


Repeat  For  Grid 
Location  03-03 


i 
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Draw  Structure 


_ ¥ _ 

Draw  Second  Floor/ 
Lower  Roof  Framing 


i 


1 


Draw  Walls 


h 


Wall  2  Grid  Points 


Select  C1  &  D1 


Save  Wall  Elements 

Orientation:  N-S 
Start  Height;  14' 
End  Height:  14' 
Thickness;  10" 
D  All  Floors 
^  /Assign  Dead  Load 
Shear  Wall 


I 


Repeat  For 
D2-D3.  C4-D4 


(J>l 

)l 

an 


CH 

ij 

(]> 


* 


WDfibM 


_ ± _ 

View  Structure 


Perspective  (3D] 


T  ransparent  Object 


Draw  Structure 


Draw  Structure 


thil  mfipirurh 
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Assign  Loads 
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Assign  Loads 


Assign  Live  Loads 
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Vertical 
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Length:  24'0“ 
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cp  CD  (p 
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i 
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1 
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E.  Analysis  *  Review  Loads 
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DL 

SDL 
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Pattern  Loads 
I  - 1 


*  Analysis  Output 
I  -1 
E  =1 
A  =1000 


F.  Re-Analysis  (with  real  properties) 


Review  Element 
Attributes  &  Guidelines 


Surface  Element  Analysis 
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Revi«w  Material 
Properties  &  Depth 
Limit 


Concrete  Slab  Design 


Concrete  Slab  Selection 


CONCRETE  SLAB  PRELIMINARY  SELECTION 


Pro^t:  Offfde  BuiidMg  •<  Schem«  Ci 

Date:  Feb  26, 1992 

Locaticlh:  Rbcffdhd  AAPi 

-■Ehgn:::  - 

CASM  Load  &  Analysis  Data: 


Method:  Analysis  _ Load  Combination:  1.4D  +  1.7S 


Member  ID: 

Factored  Moments  (k-ft) 

Fact  Reactions 

Connectivity: 

Beam  (Left) 

Load  Type 

Left 

Mid 

Right 

Left(k) 

Right(k) 

Beam  (Right) 

Dead 

0.4 

0.4 

0.4 

0.3 

0.3 

Slab  Span: 

8.0  ft 

Sup  Dead 

0.1 

0.1 

0.1 

0.1 

0.1 

Trib  Widths 

12.0  in 

Live 

Depth  Limits 

8.0  in.  max 

Lmin  Roof 

Concrete  Pcs 

4.0  ksi 

Snow 

0.3 

0.2 

0.3 

0.2 

0.2 

Concrete  Wts 

145  pcf 

Wind 

Steel  Fys 

60.0  ksi 

Summary 

0.8 

0.7 

0.8 

0.6 

0.6 

CASM  Preliminary  Slab  Thickness/Values: 


ACI  Preliminary  Dimensions: 

Design  Data: 

Rebar  Ratios: 

ACI  Depth:  U  28.0  s  3.4  in 

Trial  Depths  4.00  In  Spans  3 

Cover:  Tops  0.75  in  Btms  0.75  in 
d's  1.00  In  ds  3.00  in 

Bending  phi(0)s  0.90 
beta(B)s  0.85 
ms  17.6 

Rus  581  psi 

pmaxs  2.14% 
1/2pmaxs  1.07% 
pmins  0.33  % 

CASM  Preliminary  Slab  Reinforcement: 


Left  end 

Mids 

Select 

Reqd 

Select 

Select 

Mu  (kf) 

0.83 

0.66 

1.74 

0.83 

1.74 

Ru  (psi) 

102 

82 

215 

102 

215 

Reqd  p  (%) 

0.19 

0.15 

0.37 

0.19 

0.37 

■IBIi 

Reqd  As  (sq  in.) 

0.07 

0.05 

0.13 

0.07 

0.13 

Shrinkage/Temp 

Rebar  & 

#4 

18.00 

18.00 

miiiiiii 

■EES 

Reinforcement 

Spacing 

#5 

18.00 

18.00 

mm 

Rqd  Ass  0.09 

Options: 

#6 

18.00 

18.00 

ms 

Selected 

Selected  Bar  Size: 

#4 

#4 

#4 

Bar  Sizes  #3 

Selected  Spacing: 

18  in 

18  in 

18  in 

Spacings  15  in 

As  (sq  in/ft)s  : 

0.13 

0.1 3 

0.13 

As=  0.09 

4."  slab  Quantities: 


Notes: 


Depths  4.00  in  I  ConcVol=  .012  cy/sf  |  Rebar  Wgt=  .0005  tons/sf 


1 .  ACI  318-89  Strength  Design  used  for  sizing  member. 
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e.oee  1104.744 

0.000  1444.074 
0.000  1914.709 


4741.197 

4404.491 

11177.141 
11411.011 
11491.490 
11019.477 
11941.171 
0014.444 
5191. ISO 
-0.000 


Af»aza»  jorm  vom»  mb  i 
taii»«  na 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 


1100.910 

•0.000 

•0.000 

0.000 

0.000 

0.000 

0.000 

-0.000 


0.000 

-0.000 


1910.709 


0.000 

0.000 

0.000 

-0.000 

-0.000 

0.000 

0.000 

-o.eoe 

0.000 

o.eeo 

-0.000 


OM  10,  1001 


llio  9M 


OOfiM  -  a  Ml  I*  C  —  *«44l  CaalMlMM  Im4 


mooum  wno 


1  1.0000  0.0000 


1  1000.0000  0.0000  t.oeoe 


oraaauur  or  n-arMi  loam 


roazTzvB  la  orwaaa  mod  unamacuiuaiaa 
oRxrai  nar.  rmawM 


lOAD  bOAD  arMo  aTARtxag  otAarxaa  bbxm  aaotw 
oar  txra  Laaara  tuamimi  roatrxoit  mmutodi  roatrtoH 


OMXnai  2.40  -170.54 

QMxnai  a. 40  -100. oo 

tMXnn  2.40  -170.74 

MIV  2.40  -170.74 

wirw  2.40  -100.00 

AMM  2.40  -140.04 

mm  1.40  -204.15 

QHinai  2.40  -100.00 

•AIM  2.40  '211.10 

wmot  2.40  -100.40 

lAMO  2.40  '254.50 


0.00  2.40 
0.00  2.40 
0.00  1.12 
1.12  -100.04  2.40 
0.00  2.40 
0.00  -204.15  2.00 
2.00  -211.14  2.40 
0.00  2.40 
0.00  -254.50  2.40 
0.00  2.40 
0.00  -204.00  7  4C 
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Steel  Ooen-Web  Joist  Oesion 


steel  Ooen-Web  Joist  Design 


Barfoist  Selection 


STEEL  BAR  JOIST  PRELIMINARY  SELECTION 


Project;  Office  Building  -  Scherrw  C 
^Location:  Radfcad  AAP 


Date;  Feba6.19d2 


CASM  Load  &  Analysis  Data: 


Method:  Analysis  Load  Combination:  D  -t-  S 


Member  ID: 
Connection: 

Span: 
Spacing: 
Depth  Limit- 
Fy- 
Fb- 
E  - 
Live  Defl- 
Total  Defl- 


Factored  Moment  (ft-lb) 


Hinge  (Left) 
Roller  (Right) 
24.0  ft 
48.0  in 
24.0  in.  max 
36.0  ksl 
24.0  ksl 
29,000  ksl 
U360s  0.80  in 
U240s  1.20  in 


LoadType  LefI 
Dead 
Sup  Dead 
Live 
Lmin  Roof 
Snow 

_ Wind _ 

Summary 

Montent:  (EUL) 


Right 


Factored  Reaction 
Left(lb)  I  Right(lb) 


518 

86 

86 

13,219 

2,203 

2,203 

13,451 

2,200 

2,527 

27.189 

4.489 

4.816 

Reaction:  (EUL) 


Total  Ld- 

378  pif 

Total  Ld-  401  pif 

UveLd- 

187  pif 

Uve  Ld-  21 1  pif 

CASM  Joist  Selection  Table:  (Joist  capacities) 


ng 


20K4 

18K5 

22K4 

16K6 


0.92 

1.9 

1.03 

1.9 

0.76 

ZO 

1.21 

2.0 

CASM  Bar  Joist  Selection: 


Joist  Size:  20K4 


Mmax 


48  in  Total  Ld:  430  pif  Live  Ld: 


Rmax:  5, 1601  TLdefi:  0.92  in|LL  defi: 


353 


0.48  in 


NOTES: 


1 .  Bar  joist  selections  based  on  1 988  SJI  Load  Tables. 

Edit  spreadsheet  stajstk.xis  to  revise  selection  table. 

2.  Approximate  moment  of  Inertia  of  the  joist  in  inchesM  is: 

1]  -  26.767  (WLL)  (L^S)  (10^-6).  where  WLL  «  Uve  Load  value  in  table; 

where  L  -  Span  -  0.33  in  feet 
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Widely  Spaced  Element  Analysis: 


1 


Prel  im  inary  Analysis 


H 


Use  Prelimini 


_ _ 

Analysis 

Units:  Feet&  K 
D  Use  Actual  Pro| 
□  DL=Deck+Self 


Connectivity 
Continuous  Column 


Widely  Spaced  Element  Analysis:  Continuous  Beam 


_ _y _ 

Praliminary  Analysis 


Yes.  Draw  Pattern 

Live  Loads 

> 

Ana 

Analysis  File  h 

Yes.  The  Loads 
Are  C 

lysis 

lame;  Optional 

&  Connectivity 
orreci 

ww  I 

•men  A  aa  A  .n  A  .a  X 


_ ± _ 

View  Shear.  Moment  & 
Deflection  Diagrams 

_ _ 

Excel  Data 
^  Execute  Excel 
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Widely  Spaced  Element  Analysis:  Continuous  Beam 


1.40  Dead  (klf) 


1.40  Sup«rimposed  Dead  (klf) 


8.16 

76.16 

0 

24.48 

70  Live  ^klfl  ^!!z - 

0.68 

- 4 - 

L  1.36 

V'  11 

zzr^ 

Alternate  Spona  1 


Alternate  Spona  2 


Two  Adjacent  Spona  1 


Two  Adjocent  Spona  2 


All  Spans 


Widely  Spaced  Element  Analysis:  Continuous  Beam 


Concrete  Beam  Design 


Conaete  Beam  PreHminary  Selection 


CONCRETE  BEAM  PRELIMINARY  SELECTION 


Date:  Eeb28. 1992  I 

CASM  Load  &  Analysis  Data: _ 

Method:  Analysis  _ Load  Combination:  1 .40  1 .71 


Member  ID: 

Factaed  Moments  (k-ft) 

Fact  Reactions  I 

Connectivity:  Column  (Left) 

Load  Type 

Left 

Mid 

Right 

Left(k) 

Column  (Right) 

Dead 

12.2 

6.3 

8.8 

2.9 

2.7 

Beam  Span: 

24.0  ft 

Sup  Dead 

38.1 

19.7 

27.4 

9.2 

8.3 

Trib  Width- 

8.0  ft 

Live 

69.3 

37.3 

56.1 

17.0 

16.2 

Depth  Limit- 

36.0  in.  max 

Lmin  Roof 

Concrete  Pc- 

4.0  ksi 

Snow 

Conaete  Wt- 

145  pcf 

Wind 

Steel  Fy- 

60.0  ksi 

Summary 

119.6 

63.3 

92.2 

29.2 

27.1 

CASM  Prelim inary  Beam  DImwslons/Values; 


T-Beam  Data: 

Rebar  Ratios: 

ACI  Depth:  L/ 21.0-  13.7  in 
Width:  h/ 1.75-  8.0  in 

pmax-  2.14% 
1/2pmax-  1.07% 
pmin-  0.33% 

Beam  Configuration: 

Rectangular 

iDesignData:  Bending  ohi(e)- 0.90  beta(6)- 0.85  m- 17.6  Ru-  581  psil 

CASM  Prellmliiary  Beam  Sizes  and  Reinforcing; 


Beam  Size 
bxh 

Left  end 

Midspan 

■ETUI] 

Shear 

Rebars 

Weight 

(klf) 

As 

CMn 

As 

CMn 

As 

CMn 

11  x14 

2.90 

120 

1.35 

63 

2.09 

92 

3FE 

0.95 

0.16 

10x16 

2.32 

120 

1.12 

63 

1.71 

92 

0.99 

0.16 

11  x18 

1.90 

120 

0.95 

63 

1.43 

92 

1.22 

0.20 

12x20 

1.63 

120 

0.83 

1.24 

92 

1.48 

0.24 

13x22 

1.43 

120 

0.74 

63 

1.09 

92 

«3@9 

1.77 

0.29 

CASM  Prellmlnarv  Beam  Design: 


Trial  Depth  h-  16.0  in 
Trial  Width  b-  10.0  in 

Cover  Top-  1.5  in 
Cover  Btm-  1 .5  in 

HU 

Bending 

Left  end 

Midspan 

Right  end 

1 

Reinforcement: 

ILi'iitJ 

Layers 

Read 

Design 

Layers 

Mu(kf) 
Ru  (psi) 

p(%) 

As  (sq  in.) 

120 

875 

1.61 

2.17 

123 

883 

1.74 

2.37 

63 

463 

0.85 

1.15 

75 

527 

0.96 

1.32 

92 

675 

1.24 

1.68 

123 

883 

1.74 

2.37 

Rebar  Option: 

1 

3-  #8 

1 

4-  «5 

1 

4-  #6 

Select  Rebar: 

1 

3-  #8 

1 

3-  #6 

1 

3-  «8 

iShear  I 

1  Reinforcement: 

Design  Values: 

■loiSiSH 

phi(c)-  0.85 
CVc-  14.5  k 
yaBM>  7.3  k 

#3®  6  in 

#3@  6in 

Propertlee  and  Quantities  for  Concrete  Beam/GIrder: _ _ 

iDimensions  (bx  h):  10  x  16|Volume:  1.0  c.y. I  Weight*  0.16  klf|  Rebar  Wt«  .18  tonsi 

Notes: 


1 .  Concrete  beam/girder  volume  and  weight  does  not  include  slab  volume  and  weight. 

2.  ACI  318-89  Strength  Design  used  for  sizing  member. 
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Truss  Element  Analysis 


Pretimiiwry  Analysis 


Analysis 

Units:  Fast  &  Kips 
D  Use  Actual  Properties 
CH  DL=Deck-rSelf  Weight 


Connectivity 

Left:  Hinge 
Right:  Roller 


Truss  •  Custom 

Pfalt  Q  Verticals 

T op  Chord  Panels:  9  Q  s^ft  At  Bottom 

Depth  At  Supports:  3"  0  Left  Support  At  Top 

Scissors  Height  O'  0  Right  Support  At  Top 


Try  Other 
Configurations 


Self  Weight 


Ghiidelines 


Rnd  Estimate  For  36* 
Span  &  Flat  Pitch 


Close  Self  Weight 
Quidlines  Dialog  Window 


Self  Weight  I 

'  Estimated  Self  Weight:  96  pif  I "  >1 
i  Q  Update  Area  Structure  Loads  I 
I  0  Add  Self  Weight 


4  pIf  X 
24*  o.c 


Analysis 

Analysis  File  Name:  Optional 

Yes.  The  Loads  &  Connectivity 
Are  Correct 


'■teieeuiii 


View  Axial.  Reactions  & 
Deflection  Diagrams 


Cancel  Linear 
Element 


Truss  Element  Anaiysis 


Truss  Element  Analysis 


Totol  Combined  Load  —  Axial  (k) 


Tolol  Combined  Ijood  —  Oenection 


Tolnl  Combined  Lood  —  Reoclions  (k) 
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Column  Load  Run  Down 


Column  Load  Run  Down 


Column  Load  Run  Down 
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Column  Load  Run  Down 


Tributary  Self  DL  LLR  U.R  S  TL  Sum  DL  Sum  LLR  Sum  S  Sum  TL 

Area*  Weight 

712.1  61.7  0.0  0.0  30.3  92.0 

1.5  63.2  0.0  30.3  93.4 

685.6  80.0  79.2  0.0  159.2 

1.5  144.6  79.2  30.3  254.1 

to  occount  for  coocreke  contifiuliy  ot  first  interior  column. 


Columf!  Uoofl  Run  Down  (k) 


Column  Load  Run  Down 


Project 
Location 
Daalgn  Load 
Tlaa 


Offica  Building  - 
Radford  AAP 
TM  5-809-1  1991 
Sun  Jan  26,  1992 


Schama  C 


7:38  PM 


Llva  Load  Raductlon 


Sacond  Floor/Lowar  Roof 

Officai  Offlcas  (Lo)  s  50.0  psf 

Tributary  araa  (TA)  :  576.0  sf 

Araa  of  Influanca  (Al)  ”  4*TA  for  columns. 

A1  -  2304.0  sf 
Al  >-  400.0  sf 
Lo  <■  100.0  psf 
L  -  Lo*t0.25+15/sqrt (Al) ] 

L  -  28.1  psf 

Mambar  supports  only  ona  floor. 

L  >-  0.5*Lo 
0.5*Lo  »  25.0  psf 


I  L  -  28.13  psf  I 


Llva  Load  Reduction  *************************** 


Sacond  Floor/Lowar  Roof 

Office:  Corridor  (main)  (Lo)  :  100.0  psf 

Tributary  araa  (TA)  :  576.0  sf 

Araa  of  influanca  (Ai)  *  4*TA  for  columns. 

Al  a  2304.0  sf 
Ai  >-  400.0  sf 
Lo  <a  100.0  psf 
L  -  Lo»(0.25+15/sqrt(Al)) 

L  -  56,3  psf 

Mambar  supports  only  ona  floor. 


L  >•  0.5*Lo 
0.5*Lo  «  50.0  psf 

I  L  »  56.25  psf  I 


Liv®  Lo&<i  RoducCiion  *************************** 


Second  Floor/Lower  Roof 

Offlcei  Flies  &  Storage  (Lo)  :  150.0  psf 

Tributary  area  (TA)  s  576.0  sf 

Area  of  Influence  (Al)  *  4*TA  for  columns. 

Ai  -  2304.0  sf 
Ai  >*  400.0  sf 
Lo  >  100 .0  psf 

Member  sxxpports  only  one  floor. 

No  live  load  reduction  ta)cen. 

L  =  Lo 


I  L  »  150.00  psf  I 
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Concrete  Column  Design 
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Concrete  Column  Design 


Concrete  Column  Preliminary  Selection 


CONCRETE  COLUMN  PRELIMINARY  SELECTION 


Pr<4obt:  Office  Siillciins^  Scheme  C 

Date:  Feb  26, 1982  I 

Lo^^ttoii:  Bedford  AAP^^^^^  ^  ^  ^ 

Bi^^zi*i^38nnmiiiiiiiiiiiiiiiinniiim 

CASM  Load  &  Analysis  Data: 


Method:  Arwdysis  Load  Combination:  1 .4D  +  1 .7L  -t-Oonc  Pc-  4.0  ksi 

LiemberlD:  B-3  Size  Limit-  16.0  in.  max  Fy-  60.0  ksi 

Name 

Level 

Rrto 

RrHt 

Trib 

Area 

Root  Level  Area  Load  ( 

Wpe) _ 

Load 

Totals 

Dead 

Live 

Lmin 

Snow 

Wind 

Upper  Roof 
Second  Floor/Lo 

1 

1 

576 

576 

63.2 

144.6 

79.2 

93.4 

254.1 

CASM  Column  Selection  Table 


Colunm  Data: 

Floor 

Level 

Cidculal 

ted  Values: 

Floor  Level:  2 

Column  Shape:  Square 

Rainf.  Ratio:  1.5  % 

Ties:  Tied 

Fire  Rating:  1  Hour(s) 

Estimated  Ave. 

Beam  Depth:  20.0  in. 

Concrete  Wgt:  145  pcf 

Ag 

{in''2) 

b 

(in) 

P 

(%) 

Ast 

(in-2) 

Rebar 
&  Size 

Pu 

(k) 

6 

5 

4 

3 

2 

1 

111.8 

111.8 

11 

11 

0.56 

1.30 

4- #4 
4- #6 

294 

325 

ICASM  Column  Design  Data:  I 

Level 

H 

■31 

IQSI 

Rebar 
&  Size 

Ast 

(in-2) 

P 

(%) 

Pu 

(kip) 

Reqd 

Pu 

Pc 

(WP) 

Tie& 

Spacing 

-6 

-5 

-4 

-3 

Upper  Roof  -  2 
r/Lower  Roof  - 1 

11 

11 

121 

121 

4- #4 
4- #6 

0.80 

1.76 

1 

256 

286 

93 

254 

1 

Notes: 


1 .  Initial  column  size  based  on  larger  of: 

a.  Size  based  on  axial  load  Ag-Pn/(.8*(.85f'c-»-p*(fy-.85f'c))) 

b.  Size  based  on  fire  resistance  rating. 

c.  Size  assuming  k-1 .0  and  neglecting  effects  of  slenderness  by  solving  for  b: 

first  story . lu/b  <»  1 0 

above  first  story  -  lu/b  <«  14 

2.  Slenderness  is  considered  when  selecting  a  column  size  less  than  the  calculated  value. 


Lateral  Resistance  Philosophy 


Stfloa  RaQuired 

1.  Create  buldngvDiurns 

2.  Define  a  strudurel  grid 

3.  LayoiA  Blnjctuite  franiing  on  ALL  lewela 

4.  Aseign  gravity  load  on  ALL  levele 
CakaJate  wM  and/or  eeiwnte  loads 

5.  Select  a  load  combination  including  wind  or  seismic  loads 

e.  Define  14^ &E-WvertlcaireeiBtanos  system 
Options: 

1.  Unbraced  Frames 


7.  Define  horizontal  diaphragm  systems 

Alfleodble 
AN  rigid 

Floors  rigid  &  roof  flexible 


fMMwit  oonnMUora 
or 

kriMbnelng 

ran 
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Lateral  Resistance  Philosoph' 


Define  Lateral  Resistance 


Define  Lateral  Resistance 


Wind  Lateral  Analysis 


Wind  Lateral  Analysis 


Project 

Location 

Tima 


Office  Building  -  Scheme  C 
Radford  AAF 

Sun  Jan  26,  1992  8:15  PM 

'***  Rigid  Horizontal  Diaphragm  Calculatlona  ♦*♦♦•»•***♦***♦♦♦ 


NS-1 


Level  Height :  14.0  ft 


Centroldal  Axla 


Nwm 

t 

(ft) 

1 

(ft) 

Araa 

(ft"2) 

KS  its 

Arn 

(ft) 

Moaant 

Araa 

(ft  ■'3) 

EM 

Arm 

(ft) 

EM  Momant 

Araa 

(ft-3) 

NS-1 

0.83 

24.00 

20.0 

12.00 

240 

0.00 

0 

Sua 

20.0 

240 

0 

Centroid  -  sum(MomentAraa) /aum(Araa) 
MS  Centroid  12.00  ft  EM 
Av  :  20.00  aqft 

Cantroid 

:  0. 

.00  ft 

NaM 

b 

(ft) 

h 

(ft) 

Momant 

bh^3/ 

12 

{ft~4) 

of  Inartia 

Araa 

(ft ''2) 

d 

(ft) 

Ad^2 

(ft-4) 

I+Ad'2 

(ft-4) 

NS-l 

0.83 

24.00 

960 

20.0 

0.00 

0 

960 

Sum 

960 

Deflection  :  0.254  In  Height  :  14.0  ft 

Total  Deflection  :  0.254  In 

Level  Height;  28.0  ft 


Same  Aa  Prevloua  Level 


KS  Cantroid  : 

12 

,00 

Av 

20 

.00 

Daflaction  : 

0. 

254 

Total  Daflaction  : 

0. 

509 

ft  EM  Centroid 

aqft  Moment  of  Inertia 
In  Height 

In 


0.00  ft 
960  ft^4 
14.0  ft 


NS-2 


Laval  Height:  14.0  ft 


Centroldal  Asia 


NS 

NS  Momant 

EM 

EH  Momant 

Nana 

t 

1 

Araa 

Arm 

Araa 

Arm 

Araa 

(ft) 

(ft) 

(ft'2) 

(ft) 

(ft*3) 

(ft) 

(ft-3) 

NS-2 

0.83 

24.42 

20.3 

12.21 

248 

0.00 

0 

EM-1 

0.83 

5.00 

4.2 

24.00 

100 

-2.92 

-12 

EM-1 

0.83 

5.00 

4.2 

24.00 

100 

2.92 

12 

Sum 

28.7 

448 

0 

Cantroid 

»  sum(MoniantAraa) /8um(Araa) 

KS  Cantroid 

:  15.63 

ft  EM 

Cantroid 

:  0. 

.00  ft 

Av 

:  20.35 

sqft 

137 


N«m 

b 

h 

12  Area 

d 

Ad^2 

I+Ad*2 

(ft) 

(ft) 

(ft"4)  (ft*2) 

(ft) 

(ft"4) 

(ft*4) 

NS-2 

0.83 

24.42 

1011  20.3 

-3.43 

239 

1250 

BW-1 

5.00 

0.83 

0  4.2 

8.37 

292 

2  92 

EH-1 

5.00 

0.83 

0  4.2 

8.37 

292 

2  92 

Sun 

1833 

D«fl*ction 

:  0. 

214 

in  Height 

:  14 

.0  ft 

Total 

Deflection 

:  0. 

214 

in 

Level  Height;  28.0 

ft 

Centroidal  Axis 

NS 

NS  Moment 

EM 

EM  Moment 

N«m 

t 

1 

Area  Arm 

Area 

Arm 

Area 

(ft) 

(ft) 

(ft''2)  (ft) 

(ft -'3) 

(ft) 

(ft*3) 

NS-2 

0.83 

24.42 

20.3  12.21 

248 

0.00 

0 

EW-1 

0.83 

5.00 

4.2  24.00 

100 

-2.92 

-12 

Sun 

24.5 

348 

-12 

Centroid  »  sum (Moment Area) /sum(Area) 

NS  Centroid 

:  14 

.21 

ft  EM  Centroid 

;  -0. 

50  ft 

Av 

:  20 

.35 

sgft 

NoBwnt  of  Inartla 

bh“3/ 

Name 

b 

h 

12  Araa 

d 

Ad*  2 

I+Ad*2 

(ft) 

(ft) 

(ft''4)  (ft‘2) 

(ft) 

(ft*4) 

(ft*4) 

HS-2 

0.83 

24.42 

1011  20.3 

-2.00 

82 

1093 

BM-1 

5.00 

0.83 

0  4.2 

9.79 

399 

399 

Sun 

1492 

Deflection 

:  0. 

223 

in  Height 

:  14 

.0  ft 

Total 

Deflection 

:  0. 

437 

in 

NS-3 

L«v«l  Height:  14.0  ft 


C«ntroid«l  Axifl 


NS 

NS  Moment 

EK 

EN  Moment 

Name  t 

1 

Araa 

Arm 

Area 

Arm 

Area 

(ft) 

(ft) 

(ft*2) 

(ft) 

(ft'3) 

(ft) 

(ft -3) 

NS-3  0.83 

24.00 

20.0 

12.00 

240 

0.00 

0 

Sum 

20.0 

240 

0 

Centroid  «  sum (Moment Area) /sum (Area) 

NS  Centroid 

:  12.00 

ft  EN 

Centroid 

:  0. 

.00  ft 

Av 

:  20.00 

sqft 
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MoMnt  of  Inertia 
bh^3/ 


Naiaa 

b 

h 

12 

Area 

d 

Ad''2 

ItAd^2 

(ft) 

(ft) 

(tt''4) 

(ft*2) 

(ft) 

(ft  •'4) 

(ft-4) 

NS-3 

0.83 

24,00 

9S0 

20.0 

0.00 

0 

960 

Sum 

980 

Deflection 

:  0.254 

in 

Height 

; 

14.0  ft 

Total 

Deflection 

;  0.254 

in 

EH-l 

Level  Height:  14.0 

ft 

Centroidal  Asia 

NS 

NS  Moment 

EH 

EH  Moment 

Name 

t 

1 

Area 

Arm 

Area 

Arm 

Area 

(ft) 

(ft) 

(ft*2) 

(ft) 

(ft'3) 

(ft) 

(ft"3) 

EW-l 

0.83 

60.00 

50.0 

0.00 

0 

30.00 

1500 

MS- 2 

0,83 

5.00 

4.2 

-2.92 

-12 

24.00 

100 

Sub 

54.2 

-12 

1600 

Controld 

«■  aum(Mo 

mentArea) /aum(Area) 

NS  Cant ro Id 

:  -0.22 

ft  EN 

Cant told 

s  29. 

54  ft 

Av 

I  50.00 

aq  ft 

Moaant 

of  Inartla 

bh'3/ 

Name 

b 

h 

12 

Area 

d 

JVd‘2 

1+Ad*2 

(ft) 

(ft) 

(ft*4) 

(ft*2) 

(ft) 

(ft^4) 

(ft'4) 

EN-l 

0.83 

60.00 

15000 

50.0 

0.46 

11 

15011 

NS- 2 

5.00 

0.83 

0 

4.2 

-5.54 

128 

128 

Sum 

15139 

Deflection 

:  0.075 

in  Height 

:  14 

.0  ft 

Total  Deflection 

:  0.075 

in 

Level  Height:  28.0 

ft 

Centroidal  Aria 

NS 

NS  Moment 

EH 

BN  Moment 

Name 

t 

1 

Area 

Arm 

Area 

Arm 

Area 

(ft) 

(ft) 

(ft'2) 

(ft) 

(ft -'3) 

(ft) 

(ft"3) 

EH-l 

0.03 

24.42 

20.3 

0.00 

0 

12.21 

248 

NS-2 

0.83 

5.00 

4.2 

-2.92 

-12 

24.00 

100 

Sum  24.5  -12  348 


Controid  «  sum (MomantAraa ) /sum(Ar«a) 

NS  Cantroid  :  -0.50  ft  EM  Centroid 

Av  :  20.35  sqft 


14.21  ft 


Wind  Lateral  Analysis 


MoflMnt  cf  Inertia 
bh^3/ 


N«m 

b 

h 

12 

Araa 

d 

Ad*  2 

1+Ad*2 

(ft) 

(ft) 

(ft-4) 

(ft''2) 

(ft) 

(ft*4) 

(ft*4) 

EW-1 

0.83 

24.42 

1011 

20.3 

-2.00 

82 

1093 

MS-2 

5.00 

0.8  3 

0 

4.2 

9.79 

399 

399 

Sum 

1492 

Oaflaction 

:  0. 

223 

in  Haight 

: 

14.0  ft 

Total 

Oaflaction 

:  0. 

298 

in 

BN- 2 

Laval  Haight:  14.0 

ft 

Cantroldal  hala 

NS 

MS 

Momant  EH 

EH  Momant 

Mama 

t 

1 

Araa 

Arm 

Araa 

Arm 

Araa 

(ft) 

(ft) 

(ft"2) 

(ft) 

(ft*3) 

(ft) 

(ft*3) 

EM- 2 

0.83 

60.00 

50.0 

0.00 

0  30.00 

1500 

Sum 

50,0 

0 

1500 

Cantroid  -  •ua(Mo(MntAr*a) /•UB(Xr«a) 

NS  Cantroid 

:  0 

.00 

ft  EM 

Cantroid 

: 

30.00  ft 

Av 

:  50 

.00 

aqft 

Momanc 

of  Inartia 

bh*3/ 

Mama 

b 

h 

12 

Araa 

d 

Ad*  2 

I+Ad*2 

(ft) 

(ft) 

(ft*4) 

(ft'2) 

(ft) 

(ft*4) 

(ft*4) 

EH-2 

0.83- 

60.00 

15000 

50.0 

0.00 

0 

15000 

Sum 

15000 

Oaflaction 

!  0, 

075 

in  Haight 

: 

14.0  ft 

Total 

Oaflaction 

:  0. 

075 

in 

Laval  Haight:  28.0 

ft 

Cantroidal  Axis 

NS 

NS 

Momant  EH 

EH  Momant 

Mama 

t 

1 

Araa 

Arm 

Araa 

Arm 

Araa 

(ft) 

(ft) 

(ft'2) 

(ft) 

(ft*3) 

(ft) 

(ft*3) 

EM- 2 

0.83 

24.00 

20.0 

0.00 

0  12.00 

240 

Sum 

20.0 

0 

240 

Cantroid  «  sum (Momant Araa ) /sum(Araa) 


MS  Cantroid 
Av 


0.00  ft  EW  Cantroid 
20.00  sqft 


12.00  ft 
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Wind  Lateral  Analysis 


Hum  b  h 

(ft)  (ft) 


BH-2  0.63  24.00 


HoMnt  of  Inertia 
bh^3/ 

12  Araa  d  Ad^2  I-t-Ad*2 

(ft^4)  (ft"2)  (ft)  <ft^4)  (ft"4) 


960  20.0  0.00  0  960 


Sum 


960 


Daflaction  :  0.254  in  Haight  :  14.0  ft 

Total  Daflaction  t  0.329  in 


Cantar  of  Rigidity 


Mama 

h 

(ft) 

I  Av  Daflaction  Rigidity 

(ft"4)  (ft-2)  (in) 

R/ 

sum<R> 

X 

(ft) 

R*x 

NS-l 

14.0 

960 

20 

0.254  3.931 

31.34% 

0.8 

3.276 

MS- 2 

14.0 

1853 

20 

0.214  4.682 

37.33% 

46.6 

228.633 

NS-3 

14.0 

960 

20 

0.254  3.931 

31.34% 

64.6 

333.467 

Sum 

12.544 

565.376 

Cantroid  from 

lower  left 

-  aua(R*x) /auB(R) 

45.07  ft 

Cantar 

of  maaa  from  lowar 

left 

39.07  ft 

Bccantricity 

(e) 

6.00  ft 

Haxlatw  dlMnalon 

85.67  ft 

•  Bln 

-  0.05* 

max.  dimanaion 

4.28  ft 

Bccantricity 

(e)  uaed  for 

torsional  analysis 

6.00  ft 

Hama 

h 

(ft) 

I 

(ft'4) 

AV 

(ft-2) 

Deflection  Rigidity 
(In) 

R/ 

suai(R) 

X 

(ft) 

R*x 

NS-l 

28.0 

960 

20 

0.509 

1.965 

46.19% 

0.8 

1.638 

NS-2 

28.0 

1492 

20 

0.437 

2.290 

53.81% 

48.3 

110.691 

N3-3 

28.0 

0 

0 

0.000 

0.000 

0,00% 

41.6 

0.000 

Sum 

4.255 

112.329 

Cantroid  from 

lowar  left  >  sub(R*x) /subi(R) 

: 

26.40  ft 

Cantar  of  msb  fron  lowai;  iaft 
Bccantricity  (a) 

Maximum  dimanaion 
a  min  *  0.05*max.  dimanaion 

Bccantricity  (a)  uaad  for  toraional  analyaia 


24.11  ft 
2.29  ft 
65.67  ft 
4.28  ft 
4.28  ft 


Hama 

h 

I 

Av 

Daflaction 

Rigidity 

R/ 

X 

R*x 

(ft) 

(ft*4) 

(ft'2) 

(In) 

sum  (R) 

(ft) 

EW-1 

14.0 

15139 

50 

0.075 

13.327 

50.02% 

72.6 

967.669 

EH- 2 

14.0 

15000 

50 

0.075 

13.319 

49.98% 

0.8 

11.099 

Sum 

26. 646 

978.768 

Cantroid  from  iowar  iaft  *  9um(R*x) /auRi(R) 
Cantar  of  mass  from  lowar  Iaft 
Bccantricity  (a) 

Maximum  dimanaion 
a  min  »  0.05*max.  dimansion 

Bccantricity  (a)  usad  for  torsional  analysis 


36.73  ft 
36.53  ft 
0.20  ft 
73,67  ft 
3.60  ft 
3.60  ft 
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Wind  Lateral  Analysis 
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Seismic  Loads 


I 

_ ± _ 

Print  Screen 


- ^ 

_ ± _ 

Close  Spectral  Plots 
Dialog  Window 
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Seismic  Loads 


Seismic  Loads 


Bfl«  Shear  Spectrum 
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Seismic  Loads 


Project  ;  Office  Building  -  Scheme  C 

Location  :  Radford  AAP 

Seismic  Code:  TM  5-609-10  1991 

Time  :  Sun  Jan  26,  1992  8:14  PM 


****************************  Seismic  Analysis  ***************************** 

3.  Upper  Roof  :  350.4  Jc 

2.  Second  Floor/Lower  Roof  :  700.9  k 


Total  Building  Weight  (W)  :  1051.3  k 


Zone:  2A:  Z  «  0.150 
Importance  Category:  IV:  I  *  1.00 
Soil  Factor:  S3:  S  *  1.5 
System:  B3a:  Rii*  *  6 


Ct  -  0.020 
hn  -  28.0  ft 

T  »  Ct*hn^3/4  s  0.24  sec 
C  -  1.25*S/T^2/3  -  4.86  >  2.75 
C  *  2.75 

C/Rw  -  0.344  >  0.075 
W  -  1051.3  k 
V  -  Z*I*C*W/Rw 

+ - - - 4. 

I  V  -  54.2  k  I 


I  Ft  •  0.0  k  I 


I  V-Ft  ■  54.2  k  I 


Floor  to 

w*h/ 

sum(F) 

Level 

h 

Floor  h 

w 

sum  <w) 

w*h 

sum (w*h) 

F 

V 

(ft) 

(ft) 

()C) 

()t) 

(kft) 

()t) 

Ot) 

Ft  = 

0.0 

3 

28.0 

14,0 

350 

350 

9810 

0.500 

27.1 

27.1 

2 

14.0 

14.0 

701 

1051 

9813 

0.500 

27.1 

54.2 

1 

0.0 

Sum 

1051 

19623 

1.000 

54.2 

Floor  to 

sum ( F) 

Ft+sum (F) / 

Level 

h 

Floor  )i 

w 

sum (w) 

V 

OTM 

sum  (OTM) 

sum  (w) 

(ft) 

(ft) 

()c) 

()t) 

()c) 

()tft) 

()cft) 

3 

28.0 

14.0 

350 

350 

27.1 

379 

0.077 

2 

14.0 

14 . 0 

701 

1051 

54.2 

759 

379 

0.052 

1 

0 .0 

1138 

Seismic  Loads 


Project 

Location 

Tina 


:  Office  Building  ^  Scheme  C 
;  Radford  AAF 

:  Sun  Jan  26,  1992  8:14  PM 


*****************************  Center  Of  M; 


Upper  Roof 

—  28.00 

ft 

Name 

Weight 

NS 

NS ‘Height 

EH 

EH*Height 

(k) 

(ft) 

(kft) 

(ft) 

(kft) 

Shear  Hall 

1.8 

72.8 

127.5 

36.8 

64.5 

Shear  Hall 

1.8 

60.8 

106.5 

48.8 

85.5 

Shear  Hall 

1.8 

36.8 

64.5 

0.8 

1.5 

Shear  Hall 

1.8 

0.8 

1.5 

36.8 

64.5 

Exterior  Hall 

12.3 

12.8 

157.8 

0.8 

10.2 

Exterior  Hall 

12.3 

0.8 

10.2 

12.8 

157.8 

Exterior  Hall 

12.3 

60.8 

748.1 

0.8 

10.2 

Exterior  Hall 

12.3 

72.8 

895.7 

12.8 

157.8 

Exterior  Hall 

24.6 

24.8 

610.8 

48.8 

1201.1 

Upper  Roof 

213.9 

36.8 

7879.6 

24.8 

5312.5 

Beam  Self  Height 

52.0 

36.8 

1915.7 

24.8 

1291.6 

Column  Self  Height 

3.6 

36.8 

134.3 

24.8 

90.6 

Sum 

350.4 

12652.1 

8447.7 

M-S  Center  Of  Maaa; 

36.11  ft 

B-H  Center  Of  Maaa: 

24.11  ft 

Second  Fioor/Lower 

Roof 

—  14.00  ft 

Name 

Height 

(k) 

NS 

itt) 

NS ‘Height 
(kft) 

EH 

(ft) 

EH‘Height 

(kft) 

Shear  Hall 

3.5 

72.8 

254.9 

36.8 

128.9 

Shear  Hall 

3.5 

60.8 

212.9 

48.8 

170.9 

shear  Hail 

3.5 

36.8 

128.9 

0.8 

2.9 

Shear  Hall 

3.5 

0.8 

2.9 

36.0 

128.9 

Second  Floor 

98.9 

12.8 

1269.0 

24.8 

2455.6 

Second  Floor 

82.4 

36.8 

3035.2 

28.8 

2376.0 

Second  Floor 

98.9 

€0.8 

6015.5 

24.8 

2455.6 

Lower  Roof 

123.6 

36.8 

4554.0 

66.8 

8263.2 

Exterior  Hall 

24.6 

12.8 

315.6 

0.8 

20.5 

Exterior  Hall 

24.6 

0.8 

20.5 

12.8 

315.6 

Exterior  Hall 

24.6 

60.8 

1496.2 

0.8 

20.5 

Exterior  Hall 

24.6 

72.8 

1791.4 

12.8 

315.6 

Exterior  Hall 

24.6 

24.8 

610.8 

48.8 

1201.1 

Parapet 

6.6 

12.8 

84.8 

84.8 

560.3 

Parapet 

6.6 

60.8 

401.8 

84.8 

560.3 

Shear  Hall 

20.6 

72.8 

1502.2 

66.8 

1378.4 

Shear  Hall 

20.6 

0.8 

17.2 

66.8 

1378.4 

Shear  Hall 

13.8 

36.8 

506.5 

84.8 

1166.5 

Beam  Self  Height 

60.0 

36.8 

2210.4 

36.2 

2174.1 

Column  Seif  Weight 

3 . 6 

36.8 

134.3 

36.2 

132.1 

Exterior  Hall 

12.3 

12.8 

157.8 

84.8 

1043.2 

Exterior  Hail 

12.3 

60.0 

748.1 

84.8 

1043.2 

Column  Seif  Weight 

3.6 

36.0 

134.3 

24.8 

90.6 

Sum 

700 . 9 

25605.3 

27382.6 

N-S  Center  Of  Mass:  36.53  ft 
E-W  Center  Of  Mass:  39.07  ft 
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Load  Combination 
0.9D*  1.5E 


Use  Load 
Combination 


Seismic  Lateral  Analysis 


Lateral  Analysis 


View  Output 


Rigid  Horizontal  Diaphragm 
Calculations 
File  Name:  Rigidout.txt 
^  Consider  Perpendicular  Wall 


View  Loads 


Seismic  Lateral  Resistance 
Locations 

File  Name:  Latseis  M 


Print  Data 

Q  Seismic  Resistance 
0  Rigid  Diaphragm 
□  All  Other 
^  Print  To  File 
IS]  Execute  Notepad 


Scroll  Output 


Pago  Setup 

Left  Margin:  0.5  in 
Right  Margin;  0.0  in 


Print  RIe 


Exit  Notepad 
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Seismic  Lateral  Analysis 


Project 
Location 
Salaalc  Coda 
Tlaa 


Offlco  Building  -  Schaaa  C 

Radford  AAF 

TM  5-809-10  1991 

Sun  Jan  26,  1992  8:16  PM 


•*«>**•**•*******•  Solsadc  Lateral  Raalstanco  Locations 


NS-1  — 

46%,  31% 

Floor  to 

aun(F) 

Laval 

h 

Floor  h 

F 

V 

OTM 

autt(OTM) 

(ft) 

(ft) 

w 

(k) 

(kft) 

(kft) 

3 

28.0 

14.0 

40.6 

40.6 

569 

2 

14.0 

14.0 

40.7 

81.3 

1138 

569 

1 

0.0 

1707 

Sub 

81.3 

1707 

NS-2  — 

54%,  37% 

Floor  to 

flUA(F) 

L«v«l 

h 

Floor  h 

F 

V 

OTM 

sum  (OTM) 

(ft) 

(ft) 

(k) 

(k) 

(kft) 

(kft) 

3 

28.0 

14.0 

40.6 

40.6 

569 

2 

14.0 

14.0 

40.7 

81.3 

1138 

569 

1 

0.0 

1707 

Sub 

81.3 

1707 

NS-3  -- 

r,  31% 

L«v«l 

h 

(ft) 

Floor  to 

Floor  h 

(ft) 

F 

()t) 

sum (F) 

V 

(k) 

OTM 

(kft) 

sum  (OTM) 
(kft) 

2 

14.0 

40.7 

14.0 

40.7 

569 

1 

0.0 

569 

Sum 

40.7 

569 
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Quantity  Take-Off  Philosophy 


3  Considerations 


1 .  One  typical  interior  bay  (exterior  side  bay,  corner  bay) 


2  bays 
by 

2  bays 


2.  One  typical  floor  level  and  roof  level 

3.  The  entire  building  structural  system 


w 

16  X 

16 

Estimated  weights  are  not  used 
for  quantity  takoHTffs 

Elemente  designed  by  Excel 
spreadsheets  are  used 

Use  Modify  Design  and  Copy  Design 
to  manualy  enter  element  sizes 

Caicuiated  square  footage 
can  be  overridden 
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Design  Ail  Elements 
To  Include  In 
Quantity  T aJie-Off 


Design  Surface 
Elements 


Use  Modify  Design 


Quantity  Take-Off 


_ i _ 

Design  All  Elements 
To  Indude  In 
Quantity  T  ake-Off 


'V 


Use  Copy  Design 


_ 'k _ 

Select  Wall  With 
Properties 


V  y 
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Quantity  Take-Off 


..1 


Design  All  Elements 

I 

I  Design  Wall 

Select  All  Other  Wall 

To  Include  In 

Elements 

Elements  On  The 

Quantity  Take-Off 

I 

Second  Floor 

Double  Click  Right 
Mouse  Key  To  End 
Copying  Designs 


Deiete  Designed 
Elements  Not  To 
Include  In  Take-Off 


Use  Modify  Design 


Select  Element 


Delete 


Repeat  For  All 
Elements  Supporting 
Lower  Roof 


Quantity  T  ake-Off 

^  Override  Calculated 
Square  Footage 
NS:  72' 

EW  48' 


> 

r 

View< 

Dutput 

Scroll  Output 


Page  Setup 

Left  Margin:  0.5  in 
Right  Margin:  0  0  in 


Print  File 


Exit  Notepad 


End 


J 
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Project 

Location 

TIm 


:  Offica  Building  -  Schema  C 
:  Radford  AAP 

:  Sun  Jan  26,  1992  8:20  PM 


Quantity  Taka'-off  **************************** 


Second  Floor/Lowar  Roof 
Plan  Area:  72.0  ft  x  46.0  ft:  345€.0  sqft 


CONCRETE:  Narrowly  Spaced  Element a 


Cone 

Cone 

Weight / Element 

Total  Height 

Description 

Area 

Length  Height 

Height 

Cone 

Relnf  No . 

Cone 

Reinf 

(sqln) 

(ft)  (pcf) 

(plf) 

(lb») 

(lbs) 

(lbs) 

(lbs) 

0 

24.0  0 

0.0 

0 

0.0  24 

0  ( 

Sum 

0 

0 

Concrete  Cubic  Yards  : 

0.0 

Height  Per  Square  Foot  : 

0.0 

psf 

Reinforcing  Total  Height: 

0.0 

tons 

Height  Per  Square  Foot  : 

0.0 

psf 

CONCRETE:  Hidely  Spaced  Elements 

Cone 

Cone  Height /Element 

Total  Height 

Deacrlptlon  Area  Length  Weight  Weight  Cone  Relnf 

No. 

Cone 

Rsinf 

(agin)  (ft) 

(pcf) 

(plf)  (Iba)  (Iba) 

(lbs) 

(lbs) 

10  X  16  ISO  24. 

0  145 

161 

1  3867  360.0 

25 

96667 

9000 

0  24. 

0  0 

0 

0  0  0.0 

2 

0 

0 

Sum 

96667 

9000 

Concrete  Cubic  Yards  : 

24.7 

Height  Per  Square  Foot  : 

28.0 

psf 

Reinforcing  Total  Height: 

4.5 

tons 

Height  Per  Square  Foot  : 

2.6 

paf 

CONCRETE:  Surface  Elements 

Cone  Cone  Reinf 

Total  Height 

Description 

Depth 

Area 

Height  Height  Height 

Cone 

Reinf 

(In) 

aqft) 

(pcf)  (psf)  (psf) 

(lbs) 

(lbs) 

4"  Slab 

4.0 

2880 

145.0  48.3 

1.0 

139200 

2995 

4*  Slab 

4.0 

384 

145.0  48.3 

1.0 

18560 

399 

0.0 

2592 

0.0  0.0 

0,0 

0 

0 

Sum  157760  3395 


Concrete  Cubic  Yards  : 
Reinforcing  Total  Weight: 


40.3 

1.7  tona 


Quantity  Take-Off 


CONCRETE:  Column  Element s 


Description 

Area  Length 
(sqin)  (ft) 

Cone  Cone 

Height  Weight 
(pcf)  (plf) 

Weight / Element 

Cone  Reinf  No. 

(lbs)  (lbs> 

Total 

Cone 

(lbs) 

Weight 

Reinf 

(lbs) 

11  X  11 

121 

14.0 

145 

121.8 

1706  112.0 

5 

8529  560 

Sum 

8529  560 

Concrete  Cubic 

Yards 

; 

2.2 

Weight  Per  Square  Foot 

; 

2.5  psf 

Reinforcing  Total  Weight: 

0.3  tons 

Weight  Per  Square  Foot 

: 

0.2  psf 

CONCRETE:  Wall 

Elements 

Surf 

Cone 

Weight/ 

Total 

Description 

Width 

Length  Height 

Area  Weight 

Element 

No. 

Weight 

(in) 

(ft) 

(ft) 

(sqft) 

(pcf) 

(Iba) 

(lbs) 

10"  Concrete 

10 

24.0 

14.0 

336 

145 

40600 

4 

162400 

10 

36.0 

14.0 

504 

0 

0 

2 

0 

10 

24.0 

14.0 

336 

0 

0 

1 

0 

Sum 

162400 

Concrete  Cubic 

Yards 

41.5 

Surf  R.inf 

Waight/ 

Total 

Description 

Width 

Length  Height 

Ara.  Waight 

Blamant 

No. 

Waight 

<ln) 

(ft) 

(ft) 

(aqft) 

(psf) 

(lbs) 

(lbs) 

10*  Concrete 

10 

24.0 

14.0 

336 

2 

672 

4 

2688 

10 

36.0 

14.0 

504 

0 

0 

2 

0 

10 

24.0 

14.0 

336 

0 

0 

1 

0 

Sum  2666 


Reinforcing  Total  Weight: 


1.3  tons 


Concluding  Remarks 


Schemes  A,  B  and  C  were  developed  to  permit  exploration  and  instruction  of  the  broadest  possible  range  of 
CASM  capabilities.  The  schemes  should  not  be  viewed  as  completely  logical  structural  framing  solutions  to 
the  given  design  parameters,  nor  as  necessarily  economical.  Each  d  the  three  schemes  contain  a  variety 
of  elements,  which  if  property  combined  and  interchanged  might  produce  'real"  schemes  for  consideration 
at  a  35%  review. 


Examples  of  unlikely  components  assembled  in  schemes  A.  B  and  C  include:  (1 )  conaete  as  a  decking  for 
the  low  roof,  (2)  custom  made  tmsses  for  the  low  roof  framing,  (3)  prefabricated  lin)estone  wall  panels  mixed 
with  cast-in-prface  conaete  shear  walls,  arnf  (4)  non-composite  steel  beam  framing  for  the  second  floor. 


A  logical  ste’^l  framed  beam/column  solution  for  "real*  consideration  would  include  open  web  steel  joists 
spannir>g  48  feet  for  the  upper  roof  to  eliminate  a  central  column  in  the  second  floor  space.  The  lower  roof 
would  be  framed  with  36  foot  span  open  web  steel  joists  (without  inclusion  of  custom  trusses)  as  in  scheme 
B.  Both  roofs  would  be  sheathed  with  a  metal  roof  deck  without  conaete  and  both  would  become  flexible 
diaphragms.  The  second  floor  would  be  framed  with  composite  steel  beams  as  in  scheme  B  and  remain  a 
rigid  diaphragm.  Two  lateral  load  resistance  system  options  could  be  compared.  One  scheme  could  include 
a  moment  resistant  frame  approach  similar  to  scheme  A,  while  a  second  approach  might  incorporate  trussing 
similar  to  scheme  B.  The  non-loadbearing  exterior  envelope  is  open  to  a  variety  of  possibilities.  The 
Architects  will  likely  (tdate  the  aesthetic  expression.  The  foundation  system  would  be  a  combination  of 
isolated  and  linear  spread  footings. 

A  third  logical  solution  would  be  a  masonry  bearing  wall  system  to  support  the  steel  open-web  joist  roof 
planes  described  above.  The  second  floor  plane  might  be  constructed  of  pre-cast  pre-stressed  hollow  cored 
planks,  which  would  also  bear  on  the  wails  and  a  central  steel  girder  line.  Some  of  these  wails  could  become 
shear  walls  for  lateral  load  resistartoe.  Thus  the  exterior  envelope  and  the  interior  partition  provide  a  structural 
function,  eliminating  costly  moment  connections  arKf  columns  within  the  exterior  wall  layout.  Footings  are 
now  all  linear  spread  footings  with  only  one  isolated  footing. 


It  is  unlikely  that  a  reinforced  conaete  frame  would  present  an  economical  solution  for  a  1-2  story  office 
building. 

The  stnjctural  engineers  that  become  proficient  with  the  use  of  CASM  will  be  able  to  explae  many  other 
ideas  to  arrive  at  the  most  structurally  efficient  and  economical  solution  for  this  hypothetic^  project. 
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